a. a. van den Berg, S. ghatge, S. Wang Anaesthesia and Intensive Care, Vol. 38, No. 6, November 2010 Between 37 and 81% of parturients undergoing elective caesarean section under CSEA complain of paraesthesia or respond to dural puncture during insertion of either a 26 or 27 gauge pencil-point spinal needle, after the use of air, saline or an airsaline combination to determine loss of resistance (LOR) 7, 8 . This study was undertaken to compare the occurrence of spontaneous responses and acknowledgement of paraesthesia or dysaesthesia during dural puncture by a pencil-point spinal needle, following use of saline versus air for LOR during placement of the epidural needle when performing CSEA. Our aim was to augment the pool of information describing different outcomes following use of saline or air to determine LOR and thus to help rationalise the anaesthetist's choice of medium for this purpose.
METHODS
The Committee for the Protection of Human Subjects of the University of Texas in Houston authorised collection of outcome data associated with routine performance of CSEA without requiring written patient consent 9 . However, it was necessary to maintain patient confidentiality and to preoperatively obtain written consent for surgery and anaesthesia, as well as the patient's verbal consent for data collection.
Patients requesting or those submitted for epidural labour analgesia were visited in the labour ward by one of the authors at random. At this visit, suitability for CSEA was assessed and written consent for epidural analgesia obtained. Patients were excluded from audit if they declined to give verbal consent, had a contraindication to neuraxial block or pertinent drug allergy. Each patient was randomly allocated to receive either normal saline (saline) or air to determine LOR according to a pre-prepared block randomisation list (sequential groups of five patients). The sample size was calculated at about 25 patients per group using the formula for a two-sided comparison, with confidence limits of 95% and 80% power, on the basis that a 40% difference in incidence of any subjective or objective response would be a significant outcome.
In the operating room, patients were positioned in the sitting position and non-invasive monitoring devices applied by an anaesthesia nurse assistant. Ondansetron 4 mg was injected intravenously for prophylaxis of nausea and vomiting. Each patient was advised to anticipate intermittent blood pressure measurements, skin cleansing, application of sterile drapes and injection of 3 to 5 ml lignocaine 2% containing adrenaline 1:200,000 to minimise discomfort of needle insertion and to reduce superficial bleeding from the epidural needle puncture site 10 . One to two minutes after injection of lignocaine at an appropriate L2-L5 interspace, a 17 gauge Weiss (Tuohy-type) epidural needle connected to a 5 ml glass 'loss-of-resistance' syringe containing either 5 ml air or 5 ml preservative free normal saline was inserted and advanced until LOR was detected. Air 3 to 5 ml or saline was injected to confirm localisation of the epidural space, following which a 27 gauge Whitacre pencilpoint spinal needle was inserted through the epidural needle until the 'click' 2 or 'give' 11 of dural penetration was determined. During insertion of the spinal needle, each patient was advised that he/she might feel a "tweak", "twinge" or "pins and needles", and closely observed by the nurse assistant (who was blinded to the nature of the LOR injectate) and by the attending anaesthetist for involuntary movement, grimace or spontaneous vocalisation at the moment of dural puncture. When thecal penetration was detected by the investigating anaesthetist, irrespective of whether movement, grimacing or vocalisation had just occurred, each patient was immediately asked, "Did you feel that?" by the anaesthetist. After free-flowing cerebrospinal fluid was observed in the spinal needle, 1.0 to 1.5 ml of 1.0% lignocaine containing 10 to 25 µg fentanyl was injected intrathecally, with intermittent barbotage to confirm correct site of injection 13 . Thereafter, the spinal needle was removed, an epidural catheter inserted 5 cm in a cephalad direction, an aspiration test performed to exclude intrathecal placement and 3 ml lignocaine 2% containing adrenaline 1:200,000 injected to exclude intravenous placement. Approximately three minutes later, 7 to 12 ml 0.2% ropivacaine was injected via the epidural catheter and ropivacaine 0.2% with fentanyl 1 µg/ml commenced at a rate of 10 ml/hour.
Following delivery, post-epidural care was provided by one of three anaesthesia registrars who visited each patient on the first post-delivery day, removed the epidural catheter and enquired into residual sensory and motor impairment. Patient demographics (age, weight, height, cervical dilatation, duration of labour, American Society of Anesthesiologists patient status) and any of the above described objective and subjective responses occurring during thecal penetration were recorded by the attending anaesthetist on customised data sheets. Details of neurological sequelae persisting following cessation of the epidural infusion were dural puncture reSponSeS after Saline or air for lor Anaesthesia and Intensive Care, Vol. 38, No. 6, November 2010 recorded on a second data sheet and forwarded to the primary investigator.
Statistical analyses were performed using the Students t-test and chi-squared test to compare demographic data, and the chi-squared test to compare non-parametric data. P <0.05 was regarded as significant.
RESULTS
The study population (n=55) comprised two groups of parturients (saline n=28, air n=27) receiving CSEA for labour analgesia. In one patient in whom air was used to determine LOR, the dura mater could not be penetrated with the spinal needle. This patient received satisfactory epidural analgesia after successful insertion of an epidural catheter, her data were excluded and the next suitable parturient enrolled. The two groups were comparable for age, weight, height, cervical dilatation, duration of labour and American Society of Anesthesiologists physical status (Table 1) .
Subjective and/or objective responses to dural puncture occurred in five (18%) patients in whom saline was used to test for LOR and in 12 (44%) patients in whom air was used for LOR (P <0.005). Grimacing and involuntary movement occurred in two (7%) and 12 (44%) patients given saline or air respectively. Spontaneous vocalisation at the moment of thecal penetration occurred in no patient given saline and in seven (26%) patients given air (P <0.005). Five (18%) patients given saline and 12 (44%) patients given air acknowledged feeling sensation at the moment of dural puncture (P <0.05). Overall, seven (25%) objective and subjective responses occurred in the 28 patients in whom saline was used and 31 such responses occurred in the 27 patients in whom air was used to test for LOR (P <0.0005, Table 2 ).
On no occasion was the spinal needle re-directed, withdrawn or re-sited because of paraesthesia, dysaesthesia or other complaint by the patient during insertion or subsequent intrathecal injection of local anaesthetic. On the day following cessation of the epidural infusion, no patient complained of residual paraesthesia, dysaesthesia or neurological deficit.
DISCUSSION
This study found that subjective and objective responses at the moment of dural puncture with the spinal needle when performing 'needle-thoughneedle' combined spinal-epidural analgesia were more frequent when air was used to test for loss of resistance, compared with the use of saline.
A limitation of these findings is that we did not enquire into the exact nature of the sensation causing movement, grimacing and vocalisation or patient acknowledgement of sensation at the moment of thecal penetration. However, being cognisant of the definition of paraesthesia ("an abnormal sensation such as burning, pricking, tickling or tingling") in Stedman's Medical Dictionary 2 and authoritative anaesthetic 13 descriptions of paraesthesia ("an abnormal sensation, whether spontaneous or evoked") and dysaesthesia ("an unpleasant, abnormal sensation, whether spontaneous or evoked"), we considered that the simple question "Did you feel that?" would suffice to include any pertinent sensation occurring when the needle penetrated dura mater innervated by spino-vertebral nerves. Further, though some authorities recommended that the occurrence of paraesthesia or dysaesthesia during performance of regional blocks or neuraxial blockade is an indication to remove or re-site the needle 14 , we have long concurred with others 15 that no outcome data consistently links paraesthesia or dysaesthesia with subsequent neuropathy. Indeed, paraesthesia and dysaesthesia remain widely used 16 to locate nerves when performing regional blocks, especially in countries and institutions where peripheral nerve stimulators and ultrasound assistance is not available. Further, the recent finding in a study on peripheral nerve blockade that nerve puncture and intraneural injection does not invariably lead to neurological injury 17 may be considered to support the practice of not routinely removing and re-siting the spinal needle in parturients in whom transient paraesthesia, dysaesthesia or patient responses occur during insertion of the spinal needle.
The subject of which medium is best used to test for LOR has received much attention 18, 19 . However, the reason for the lower incidence of responses to dural puncture after use of saline to test for LOR is intriguing. It is possible that placement of saline in the epidural space may modulate dural sensitivity, as many mechanisms in the vertebral column, other than opioid receptors, modulate pain. Anecdote attributes the reduction of venepuncture pain produced by subcutaneous injection of saline to a mechanical or pressure effect 20, 21 . If true, this may be the mechanism in the epidural space. Alternatively, saline may modulate dural sensitivity via a chemical effect, as numerous pharmacological agents produce analgesia when injected into the epidural space. These include corticosteroids (dexamethasone 13 ), anticholinesterases (neostigmine 22 ), alpha 2adrenoreceptor agonists (clonidine 23 ), beta 1 -receptor agonists (adrenaline 24 ), inhibitors of adrenaline and 5-hydroxytryptamine re-uptake and release (tramadol 25 ) and N-methyl D-aspartate receptor antagonists (ketamine 26 ). Though the mechanism of action is unclear, the reduced incidence of patient responses to dural puncture subsequent to epidural injection of saline to detect LOR endorses use of saline for this purpose.
The authors believe that minimising needlestick discomfort is an essential modality of good anaesthetic practice and contributes to patient satisfaction. This study found that use of saline to determine LOR when instituting 'needle-throughneedle' CSEA reduces the incidence of iatrogenic responses and discomfort accompanying dural puncture, thus further [19] [20] [21] rationalising the argument for use of saline, rather than air, to test for LOR when performing a needle-through-needle CSEA technique.
